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Persistent Attractants for the Mediterranean Fruit Fly, 
the Method of Preparation and Method of Use 5 
yoo 
Background of the Invention 
Field of the Invention 
This invention relates to novel attractants for the Mediterranean / 

Fruit Fly, Ceratitis capitata Wiedmann, commonly referred to as the 

“Medfly." More particularly, the present invention relates to novei 

aliphatic esters of iodo-trans-2-methylcyclohexanecarboxylic acid, the pis 


method of their preparation and the method of use thereof to attract the 
Medfly for prolonged periods of time. 
Description of the Prior Art 

Attacking over 250 varieties of fruits, nuts and vegetables, the 
Medfly is one of our most serious crop pests. Found predominately in 
Hawaii and Central America, the Medfly has periodically invaded the 
mainland of the United States causing major economic losses. 
Consequently, there exists a creat need for effective programs to control 
this pest. 

Several attractants for the Medfly are known. Siglure 
(1-methylpropyl trans-6-methyl-3-cyclohexenecarboxylate) was the first 
synthetic lure found to have significant attraction to the Medfly. 
Medlure (l-methylpropyl 4(and 5)-chloro-trans-2-methylcylohexane 
carboxylate) and trimedlure (1,1-dimethylethyl 4(and 
5)-chloro-trans~2-methylcyclohexanecarboxylate), hereinafter referred to 
as “TML," were late: reported to be greatly superior as Medfly 
attractants. 


a ahs 


REPRODUCED BY 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL TECHNICAL 
INFORMATION SERVICE 
SPRINGFIELD, VA 22161 
































1 Yatton ® g300TIV4l sion. Ceud 
geiniiiona> <F ri 
7" am cits 
: { mh O76 4 
4 air { in 
_ 
. at off Jo bier | 
: ——— ae 7 
\ . a 
5 o> tA y j \ &! > «lt sien 
. Y uo uy ooo". YCits 
; } 4 
hfe wes slisiul 
} ; » bei? Jo bores: 
oy fegnatorg 202 YE 
¥ 7 
, ; nobiqtaesd — 
~! ol -* 
‘of % 2 . ‘gatrev O25 eve calssadiA 
¥ s ‘ a "i j 
. 7 pire? aden aoie eyo on we Ww ee ab yt 
o ‘4 ev ait .eoktet lestns® bw its 
‘ ‘ “a \ a5 
ae Fad Gad eta teas ai4 tc bowel 


oF Be teoig oe 2 lpay J469D 6 2fo.x8 Sas maaan 


taeg eid 


| ervtlore ow Vis vil lTe 23h 3 Sessa ttI6 laxusvs2 a 
| 19 sey (ein booioeneadalce- Caf yten-s-teed Sygorwg! ytten 


‘ihe of of (OTITIS Se ih ava ot sllshl eml zisetiune 
anaedto| ol itet<S-eageesateld- (f tem) > Syqueghytiten!) srt 
e)d Eyelids qrisaniee oniiSentw tos (etal yx are) 
7 cf borete:r tafienlace! » [een oil, metal spel ytrem Squat 
> 


Jibs ao snbtieepit. \ oat? of oo o bewzcee: veiel excav * 2 


ue : ‘ 






ic ) a eee i 
7 2 
: — 7 — - 
a aie 9! 
on ae, vir. 


ne laced 


dibs 


= _ acoxaciee win — 


Currently, TML is the "standard" attractant most widely used in traps 
for survey and detecticn of the Medfly. ML evaporates rapidly during hot 
weather thereby necessitating frequent and costly rebaiting of the traps. 
Further, the shert resicual life of TML (as well as Medlure and Siglure) 

5 mitigates ecainst the development of an economical ‘male-annihilation 
formulaticn of attractant plus insecticide. TML also forms crystals 
during cold-weather storase so that the amount of the attractant is 
reduced in the supernatant. Because these crystals do not readily 
redissolve, special storage problems can occur in large volume programs. 

10 Summary of the Inventicn 

An object of this inventicn is to provice novel esters which are 
highly attractive to the Medfly for prolonged pericds of time. 

Bnother object of this invention is to provide persistent Medfly 
attractants which are comparable in attraction with TML but do not pessess 

15 the deficiencies asscciated with TML. 

We have accomplished the aforementioned objects Ly providing lower 
alkyl esters cf iodo-trans-2-methylcyclohexanecarboxylic acid which when 
applied in effective amcunts are hichly attractive to the Mecfly for 
prolonged periods of time. In addition to being much more persistent than 

20 TL, the esters of the invention are not prone to crystallization as is 
TL, and is more facilely and eccnemically produced than TML. 
Detailed Descripticn of the Inventicn 
The compounds of the present invention are represented by the general 


formula 
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> wheféin Ci, and -COOR are in a trans-configuration and I is in both 


an ecuatorial and axial conformation and is located at either the 4 or 5 
ring positicn; and wherein R is an aliphatic radical having from 1-5 
Carbon atoms and is selected frem the group consisting of lower alkyls 
and fluoro-substituted lower alkyls. - 

It is within the scope of the invention to use mixtures of the 4and 
5-icdo iscmers of the invention esters, said mixture being represented 
by the general formulae 


and 


COR I COR 


wherein -CH3 and -COOR are in the trans-conficuration and I is in both 
the equatorial and axial conformation; and wherein R js an aliphatic 
radical having frcem 1-5 carbon atoms and is selected from the group 
consisting of lower alkyls and fluoro-substituted lower alkyls, said R 
in eacn of formulae A and B being identical. In general, the mixtures 
within the compass cf the inventicn consists of from abcut 35 to 75% of 
isomer A and 25 to 653 of isomer B. Preferably isomer A consists of 
from about 45 to 653 of the mixture and isomer 3B consists of 35 to 55% 
of the mixture. 

Examples of esters in accordance with the invention are methyl 4(and 
5)-iodo-trans-2-methy lcyclohexanecarboxylate; ethyl 4 (and 
5)-iodo-trans-2-methy lcyclohexanecarboxylate; l-methylethyl 4 (and 
5) -lodo-trans-2-methy lcyclohexanecarboxylate; 1-methylpropyl 4 (and 
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5) ~iodo~trans-2-methylcyclohexanecarboxylate; 2,2,2,-trifluoroethyl 4 (and 
5)-iodo-trans-2-methy lcyclohexanecarboxylate; 2,2,3,3,3-pentafluoro 
1-methylpropyl 4(and 5)-iodo-trans-2-methylcyclohexanecarboxylate; and 
2,2,3,3,4,4,4-heptafluoro-1-methylbuty] 4(and 5)-iodo-trans-2 
methylcyclohexanecarboxylate. ; 

For purposes of the invention, the term "4 and 5" is used herein to 
Cesignate a mixture of the 4- and 5-iodo isomers. 

The esters of the present invention are prepared by either of two 
procedures. In one procedure, the corresponding trans-6-methyl-3- 
cyclohexenecarboxylic acid (as prepared by a Diels-Alder reaczion) is 
heated in a pressure vessel for 3 to 6 hours at elevated temperatures, 
preferably not exceeding about tisic; with aqueous hydriodic acid in the 
presence of an organic solvent, such as dioxane. The resultant 
iodo-trans-2-methylcyclohexanecarboxylic acid is a mixture of the 4- and 
5-iodo isomers and is converted to the corresponding acid halide by 
reacting with a suitable halogenating agent, such as thionyl chloride, 
phosphorus trichloride or phosphorus tribromidce, under mild conditions, 
preferably at room temperature. The acid halide is then reacced with the 
appropriate alcohol in a suitable solvent such as benzene or anhydrous 
ethyl ether in the presence of a hydrochloric acid scavenger, such as 


’ pyridine, to yield the ester of the invention. 


A second procedure useful to prepare the esters of the invention 
employs an ester intermediate as the starting material. Under this 
preparation, the corresponding trans-6-methyl-3-cyclohexenecarboxylate 
(as prepared by a Diels-Alder reaction) is heated directly with aqueous 
hydriodic acid in a pressure vessel in the presence of an organic 
solvent, such as dioxane, at elevated temperatures, preferably not 
exceeding about 115°C, for 3 hours. An advantageous feature of this 
synthetic route over the abovementioned procedure resides in the fact 
that tert-butyl esters, such as TML, are extremely susceptible to 


ea 























Ae oe ~L — ‘ j eo he me te ee mMaioval Atx rS-erBer Hx ffl A 
) 7 —— -_ 
a 


.,.8 soe he Wholorol riten-t~ ~2ns 73-cbas 
1 & ae = 


2 


Ww muse “Tow to-Chal~(2. hae) b 1 yj raty went 
2 ing) tyiudiytoenet-omsailatgertch, dxbyGsatie 

; &: ctieceraxedoloayot 

= "> roe A t fr é Jo micogwy wi } 
oat ? boi-? iva -) wtf 2o sumtin «4 eden ah 

ty ’ ‘revert orc ,wi iowa et 8 | 


co 174 Gao al Ss ubeoaag 


@¢ 
f 
6 


>s } oi Lyaodrecartexsrioiove 
1 . : ipeaev oueeotg 6 at bedead 
35 ’ exe iho Fon a! dsisits i 


ra : on F . > r ¥< ae Gs, 2 : 
a1 P 1 as , zat wer me to sous2ess 
=, 
. : 7 ; 7 
s 7 "yy r+ ene 
; ‘ rs ~ i DY (iam) “RB II -ObesL 


© et bas rae! oboi-e 
ire ' wo ty vey Pit , { re i€ rd 9] infice a cid iw paljose 
e 


wip) 34 ot rey acrigectg 36 ehitoldolw eval 


’ ' F Yuta vecmed moo: 46 
Shia 4 » Suey cideiiim #8 af laroals « 
t bysret cP. ; - - | 7 P 
: . : Ye hae ¢ js i tstiis tye ' 


sire et! 36 waies YW Bis Je 4 oJ seul bail 


Ege Mivhsoorg t cea A 


= ‘ 7 
: - fe LE BGs wi eS @ misial tatae as evoly 
ae fh ~~~! b 1) a. - oe inne mr ats ree * Pe 
aie 4 Se PLEIN By 4 OL Fay 


ne thi f4 a wt. 3k o4en a6 
{ “fll rr rt 129i 2L ("Oizotcet sb lA-eiard s ya beaogoH aa) 
fepgo Oe J easiq “7 Als feaesv Sa my 8 @i he “ms ihe a noth. 
jWi Vidette 2erg .zsiuigiapied legavela 42 war sai a6 cou sewn 


Bait PIVSES) Siaepesiov “ .enrn £. to 3 tit tocds 2 eer 


. 4 ~ 


; S767 at! ni = ~” sicbeotiq bargiineeevrda el tevo atuor ai tactic 2 


: i & ref H * _ SiS C4 » 1 rile wn fd ar fron ,2 2? so lyuxt-oisd 3 3 





10 


iS 


20 


25 


Cleavage even under mildy acidic conditions with the liberation of 
isobutylene. Consequently, this single step procedure offers a quicker 
and a more economical production of the invention ester over that of TML. 
In either of the two procedures, isolation of the ester is 
accomplished by sequentially washing the crude reaction mixture with 
dilute acid, dilute base and saturated salt solutions. The crude product 


is thereafter dried over a suitable drying agent, filtered and the solvent | 


removed. Final purification is accomplished by fractional distillation 
under high vacuum. 

Although the preparative procedures described above are the preferred 
synthesis for the compounds of the invention, it is witnin the scope of 
this invention to prepare the esters using any suitable esterification 
procedure. The iodo atoms of the invention esters are in both an 
equatorial and axial conformation, thus providing four stereoisomers for 
each ester. In orcer to optimize the attractiveness of the fina! product, 
the isomeric content of the ester can easily be varied by changing the 
reaction temperature during preparation of the esters. 

The esters may be used as is or they may be dissolved in volatile 
inert solverits such as liquid hydrocarbons, emulsified in water, or 
acmixed with any other solid or inert liquid carrier. ' When used in actual 
practice in the field, the compounds may be impregnated on a solid carrier 
such as paper, cloth, sawdust, wood chips, or other absorbent material. 
The attractants may also be dispersed into the atmosphere by spraying or 
by dipping wicks into containers holding the ester composition. Further, 
the attractants may be used in bait traps usually provided with means to 
prevent the exit of insects so that the size and location of infestations 
may be ascertained. 
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For optimum results, the esters of the invention should be used ina 
substantially pure form, that is, the esters must be free of undesirable 
contaminants that tend to mask or otherwise inhibit their effectiveness 
as an attractant. It is within the compass of the invention to use the 
esters either individually or in combination. The invention esters may 
also be used with other Medfly attractants or control agents, such as 
insecticides, chemosterilants or the like. When used, however, these 
agents should be used in an amount which, as readily determined by one 
skilled in the arts, will not interfere with the effectiveness of the 
invention esters. | | 

The invention is further demonstrated by the following examples 
which are intended only to further illustrate the invention and not to 
limit the scope of the invention as defined by the claims. 

Example 1 

The preparation of ethyl 4(and 5)-iodo-trans~-2-methylcyclohexane 
carboxylate via the Diels-Alder acid adduct intermediate is hereinafter 
illustrated. 

21 g of trans-6-methyl-3-cyclohexenecarboxylic acid (0.15 mole) were : 
added to a pressure bottle along with 60 ml of 57% hydriodic acid and — 
30 ml of p-dioxane. The pressure, bottle was equipped with a magnetic 
stirrer, securely capped, and placed in an oil bath held at 75°C. The : x 
reaction mixture was stirred vigorously while being held in the bath for 


tO ow 


3 hours. After cooling, the reaction mixture was poured into water and 

the organic layer was taken up in ether. The ether layer was washed 2 

times with water, then the organic acid was extracted from the crude 

reaction mixture with 10% aqueous sodium hydroxide. The alkaline 

portion was strongly acidified. The released organic acid was taken up 

in ether and was washed 3 times with water, then with dilute sodium 

bisuifite solution, again with water, dried over anhydrous magnesium eek 
sulfate and filtered. After removal of the solvent the crude iodo acid 
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(ca 36 g) was used directly in the acid chloride synthesis. 26.8 g of the 
iodo acid (0.1 mole) was dissolved in 25 ml of benzene and 9 ml of thionyl 
chloride (0.125 mole) was added dropwise at room temperature. The 
reaction mixture was stirred overnight and the excess thionyl chloride and 
benzene were removed under vacuum with slight warming (40°C). The crude 
acid chloride was added dropwise to an excess of ethanol (12 ml) an7 6 ml 
of pyridine in anhydrous ether. After standing overnight, the reaction 
mixture was extracted sequentially with water, dilute aqueous hydrochloric 
acid and sodium hydroxide and finally with saturated salt solution. After 
drying over anhydrous magnesium sulfate, the crude product was Dae 
and purified by fractional distillation under high vacuum, b.p. 81 °C/0. 2 
mm Hg, n fe 1.5127, recovered yield 29.2 g, approximately 43% of which 
eee of the 5-iodo ester and 57% of the 4-iodo ester. If the product 
darkens excessively after distillation, the excessive color can be removed 
by washing the product with dilute sodium bisulfite solution. 

Example 2 

2,2,2-trifluoroethyl 4(and 5)-iodo-trans-2-methylcyclohexane- 
carboxylate tus synthesized in a 0.02 mole reaction in accordance with the 
procedu.e described in Example 1, and purified by distillation under high 
vacuum, b.o. 65-6°C/0.1 mm, n, 1.4718, recovered yield 3.55 g (about 47% 
5-iodo ester and about 53% 4-iodo ester). 

| Example 3 

The preparation of ethyl 4(and 5)-iodo-trans-2-methylcyclohexane 
carboxylate via the Diels-Alder ester adduct is illustrated. 

8.4 g of ethyl trans-6-methyl-3-cyclohexenecarboxylate, 20 ml of 57% 
hydriodic acid, and 10 ml of p-dioxane were placed in a pressure bottle in 
accordance with the procedure as described in Example 1. The compound was 
isolat- 1 by dissolving the crude reaction mixture in ether and washing 


with water to remove excess hydriodic acid. The ether layer was then 


extracted sequentially with 10% sodium hydroxide, dilute sodium bisulfite, 
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and saturated salt solutions and dried over anhydrous magnesiun sulfate. 
After filtration and removing the solvent the crude product was purified 
by fractional distillation under high vacuum, b.p. 81-2°C/0.3 mm Hg, no” 
1.5137, recovered yield 9.3 g (about 47% 5-iodo ester and about 53% 4-iodo 
ester). 

Example 4 

To determine the effectiveness of the esters of the invention, a field 
test was ccnducted in a macadamia nut orchard at Keaau, Hawaii, from 
August 1986 to October 1986. 

Medfly captures using ethyl and 2,2,2-trifluoroethyl 4(and 
5) -iodo-trans-2-methy lcyclohexanecarboxylate were compared with captures 
using TML at various dosages. Treatments were applied to cotton wicks 
(9.5 mm diam. x 12.7 mm length; Johnson and Johnson No. 2) in standard 
Jeckson sticky traps. Four dosages of each attractant in the amount of 
8041, 401, 2041, and 1041, were applied undiluted to each wick. Six 
replicates were used. At the 80421 dosage, a freshly baited TML wick, in 
addition to the TML wick that was allowed to age along with the other 
attractants, was added to the test prior to each fly release. Sterile 
laboratory-reared medflies were released throughout the test plot ina 
uniform manner at 0, 1, 2, 3, 6, 7, 8, 9, 10, 14 and:15 days 
posttreatment. Fresh sticky inserts were placed in the traps prior to 
each release and remained in the trap throughout the test interval. 

The TML used in the tests was obtained commercially from UOP in East 
Rutherford, N.J.. ; 

Data was analyzed by analysis of variance, and means were separated by 
Duncan's multiple range test at the P = 0.05 level (Duncan 1951). The 
results are recorded in Table 1. 

Table 1 clearly shows the high attracticn and superior persistence of 
the invention esters. Freshly baited ethyl and trifluoroethyl esters of 
the invention were competitive in attraction with freshly baited samples 
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Medfly captures’/ by ethyl and 2,2,2-erifluoroechyl 4(and 5)-iodo=trans— 


2-sethy! cpclohexzcecarboxylate when compared with trizedlure (TML) ac various 


dosages. 


Davs -agea 


Bose Ester 2 3 5 7 z 8 3 10 1S 


80ul TL (fresh)  (1310ab 1597ab 12léab 1026ab 1534a 1é46a 1635a 62a 
“TL (aged) 127lab 1306abed —_ Ged ld Ge. Oc . Od : Oc 
Ethyl 1184ab 12S0abe 113Sab 1329a 1473s 1515a 1165b 637 


2fiuorcerhyl 134342 1966a 1432a 963ab 44lc 50e - 7d Oc 


40ul TL (aged) lll6ab 730de Sle 0d de Oc Od Oc 
Ethyl 830ab 1086bcd 814be 865b 394b «645150 — 49 Oc 
Triflucroethyl 15202 1853a 1154ab 2d Ze dc Od 0c 

20ul TL (aged) 793b Of Oe 76d Oe Oc Od Oc 
Erhyl 1009ab 146lab 898abe 306c 248d 40c Qd Oe 
Triflucroethyl 1119ad 113lbed 429d Od de Oc Od Oc 

l0ul TH (aged) 7 dali Of Oe Od Oe Oc _ Od Oc 
Ethyl 85lapd 701lcde 6iicd 31d Oe Oc Od Oc 
4uorsechyi lOlSad 446e 53e 0d Oe Oc Od - Oc 








Catches followed by the same lerter within a colum are not significanrly ditferenc 


at the 5Z level (Duncan’s miltiple range test). 


a/ Total capture from 6 replicates. 
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of TML. When aged along with TML, the invention esters were notably more 
persistent than TML which lasted a mere 3 days at the maximum dosage. The 
ethyl ester of the invention is stwwn to be by far the most persistent of 
the lures tested. Aft. 15 days, the ethyl ester maintained a high medfly 
catch at the 804.1 dosage which compared favorably to a freshly baited TL 
wick. Even at the lcwer 101 dose, the ethv! ester outlasted the 
maximum §)z! dose of the aged TML. 

Example 5 

A field test similar to that described in Example 3 was conducted ina 
macadamia nut orchard at Keaau, Hawaii from September 1986 to October 
1986. 

Medfly captures using the ethyl esters of 4(and 5)-fluoro-, 4(and 
5)-chloro-, and 4(and 5)-bromo-trans-2-methylcyclohexanecarboxylates (each 
synthesized from the corresponding halo acid via the method of 
esterification as described in Example 1) were compared to those captures 
using the ethyl iodo ester of the invention and TML (same as described in 
Example 1). 

The bioassay was the same as described in Example 4 except that the 
lures were applied in a 0.1 ml dosage and medflies were released at 0, 1, 
2, 3, 6, 8, 10, 13, 15, 17, 20, 22, and 24 days posttreatment. 

Data were analyzed in accordance with Example 4. The results are 
reported in Table 2. 

The chlorinated ester was more attractive ‘han the brominated ester, 
but not significantly so, before it began to fail. Both were 
substantially less attractive than TML. Unexpectedly however, the 
invention ester not only surpassed the attraction of its fluoro-, chloro- 
and bromo- analogs but lasted a minimum of 2 times longer than TML while 
maintaining medfly catches that were not significantly different from 
those obtained using fresh TML. In addition, the iodo derivative does not 
rapidly lose effectiveness as it begins to fail because of evaporation as 
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does TML and the other lures on Table 2. Nine days after it was last 
statistically equivalent with a freshly baited wick (15 days of aging), 
the iodo derivative was still catching large numbers of medflies when the 
test was terminated. 

It is understood that the modification and variations may be made to 
the foregoing disclosure without departing from the spirit and scope of 
the invention. 
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Abstract of the Disclosure 
Novel lower alkyl esters of iodo-trans-2-methylcyclohexanecarboxylic 
acid are useful to attract the Mediterranean Fruit Fly, "Medfly," for 
prolonged periods of time. The esters are competitive in attraction with 
the current "standard" attractant, Trimedlure, but are much more 
persistent. The esters may be economically produced and possess the dual 
properties required for effective use in Medfly control programs. 
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